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(54) Hie : DNA STRAND USEFUL IN INCREASING CAROTENOID YIELD 



(SI) Abstract 

A DNA strand having a characteristic of increasing the yield of carotenoid and containing a base sequence 
which encodes a polypeptide substantially having an amino acid sequence represented by SEQ ID NO: 1 or SEQ 
ID NO: 2; a DNA strand hybridizable with the above DNA strand; and a process for producing carotenoid which 
comprises introducing the above-mentioned DNA strand into a carotenoid-ptoducing microorganism and incubating 
the obtained transformant in a medium to thereby increase the carotenoid content in the culture. This process makes 
it possible to significantly increase the yield of carotenoid in the microbial biosynthesis of the same. 



(5 7) ®ft 



^I&IC^^M®mW^fil5 0g/m 2 |C*J^T3 096£1±T 

flit?* So 



flm*LT<ofB£<o* 



A L TA"<-T DE 

AM T/t^^T DK 

AT t-XMJT EE 

AU *-Xh?*)T ES 

AZ Tj£fi"Ui/ J t*s Fl 

BA tf* = T -^Asy***-*- FR 

BB /</W<K* GA 

BE *</Hf- GB 

BF ^*t'7rV GE 

BG 7*#!>T GN 

BJ GR 

BR HU 

BY *<7>v-$/ IE 

CA I L 

CF W7'J*ftfti IS 

CG T 

CU KR 

CZ fxr^ftfti KZ 



M 7 LI 

f^-^ LC 

xn=7 LK 

x^jy LR 

LS 
LT 
LU 
LV 
MC 
MD 
MG 
MK 



W£y 
4*9* 

^yfi»- 

^7*^ ML 
7-f*7VK MN 

-fyyr mr 

£=T MX 

^4f7^y NE 

OH*"***- 

NZ 



y tfm^^ 

■fey K^S/T 

xy yyt 
y YT~r ^ 



PL *-9^K 

PT #/H^^ 

RO /f-^~7 

RU a>r«» 
SD ^ 

SE X^x~r ^ 

SG ^XJtfsK-A' 

SI Xa^x^T 

sk *5Zt*t 

SN . 

SZ ^7i?7VK 

TD f-rK 

TG h-rf 

TJ *v>***:' 

TM VfrV i-%*y 

TR 

TT Uls^-K- 
UA 

UG ^ n 

us r>y*&*B 

uz a****** 

VN ^-(xhtA 



' WO 96/28545 



PCI7JP96/00574 



lit 

A«Sx *J«kO\ C<DDNA$£*p*y W K«4tt4ttlc#AL, fISiStfSCli 

iiu*J4 K (carotenoid) tli. *fit* J^^*<40©1' V/U 

P^y^KWKL PISStlTVS [Key to Carotenoids. Basel • Boston, Bi 
rkhauser, 1987. (Pfander, H. ed. ) 0 Aof y-f Ri, xfn-f K^f 

7 7* U IC J: *K t Kd + •/ y ^;U$OU* U ;b-CoA (HMG-CoA) 
ti, y '<n C5©f V^yf-;^o 'J (IPP) Kg&$ft. IP 

P(;m&{l:5f&CJ;<9 ^y U/I/h'D ij >K (DMAPP) tc£&$ft5 0 £ £ 
II, DMAPP (i^ C5<9IPP<hlllI&, &W.&-fZ>Z£lZJ:t), ClOO^ t*D «J 

>K (gpp) . C1507 7 ;UT^^t*D u >k (fpp) . C2ocoy -5 ^ - 

^b e D'J>K (GGPP) <fcl»-3,Sotc x J^^|S:^5oo'o5i(i'LT^<OT'*5 ( 

m l HI) o 

ijai-y^ K££fifcH»fcU GGPPlcfcUT-f 7 7* U >g*£&fi£&?&^£#il£ 
-T^o 1-^^^>. 2^ : FOGGPP*<^^LT N S^O^D^y^ KT'&5&fetf)7 
-f hx> (phytoene) 7 * h JOli^tSfOSJolcJ: *) 'J ( 

lycopene) 'J a^XiflHfcEJCtc,); <Q u=f- > (£-c 

arotene) (c£&$tt£o *LT. £-*7 p f- hSfc£'ri<#A£ 
tt, -tr*7 + -9->^> (zeaxanthin) ^TX?*1f>^> (aslaxanthin) 
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J£4»?iraE##£j£*ffl® Erwinia uredovora D/; p * y 

0-1ju*>, *'7*1f >^>tt<h'££g$tf£C££^f£lcLfc (£2 
E1#R0 : [Misawa. N. , Nakagawa, M. , Kobayashi. K. . Yamano, S. , Izawa, 
Y. , Nakamura, K. , Harashima K. , "Elucidation of the Erwinia uredovora 
carotenoid biosynthetic pathway by functional analysis of gene products 

expressed in Escherichia col i ". J. Bacterid., 172. p. 6704-6712, 1990 
x RU\ Misawa, N. . Yamano. S.. Ikenaga. H.. "Production of /S -carotene 
in Zymomonas mobi lis and Agrobacterium tumefaciens by introducti 
on of the biosynthesis genes from Erwinia uredovora" . Appl. Environ. M 
icrobiol., 57. p. 1847-1849. 1991 , Rtf, Yamano. S.. Ishii. T. . Nakagaw 
a. M. , Ikenaga, H. , Misawa. N. , "Metabolic engineering for production of 

& -carotene and lycopene in Saccharomyce s cerevisiae ". Biosci. Biotech 
. Biochem.. 58. p. 1112-1114, 1994 . &t>\ *3£W% C, (- «fc £#fFtrJ^#^¥ 
3-58786^«[ (#H¥2-53255^jftj#) : r ij a * J 4 K©£fifcK Wffl ttDN 
A|gj o -1rtl*>-t>. Er. uredovora (Dija* J << K£&J&it{K?i*K<fc 0 

mt^iJU^f-J 4 K££)ifc-r<5C FPP(i, rtP^y-f YtZUT' 

T£ttl*tt£ire*>. FPPliWLTV*o Lfci J oT, tztz.li. FPPfr* B 
-ij a ffciz&gU 4 oDcrt&fc?-, crtE . crtB . crtl , crtV£gA 

tzt. %<DmKznt~%£Wi&e-*v : f->z&£-t2>&i^u2> (^2@# 

M) o ££tc, fgHfl^Ji, m^kO^miz^^. igftUiB Agrobacterium aura 
ntiacum (Diiv^J 4 K££l*iH£?-#£*»fifc * o > ^ L- * Cti^OiB 
±!r2©Er. uredovora Oft p? y -f KjHe?-©^606^*§^^^>^^^ 

9*?>*>tet:Z!k&Zit?>Zt m&lZltz ($3 BUMS) : (BRM* 
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®ttt&£Mm&%$kp. 175-180. 1994) o tiimitzija?-; 4 K©*T't>> 4#K* 

ftmz-&6ztiz&iT, ±w>mu£v>®L&.mz.. cn^o^m-haT; >< k© 
4^j«ti*ft4-r«Bct*<prtgt<£ofco :n*T-(t WE^pf-y^ k©&& 

tffl^nf y^f K£+#fi&j&T£S<fc?*m£^£?&££ LTfflt\ Er.ured 
ovora -^Ag. aurantiacum (Dijaf-JJ K£&dcite? 4>9AK:J: 9 „ 

o 1z±z.tf. LTjB-rtnf- S*£ttK* Ag. aurantia 

cumOcrtW tcrtZigfe^frgA U C £ K<fc 0 % 7X^+t>f> 

#fi«#©^.««Iit«f{ct)SLTl»ao L**LttJ&<£. tttettfcti, ft*©ISBI& 
T^:J:9i:, ±I£©*7 d f- J 4 K£&fi£itfci 1 ©ftJfflK <fc «J . &$&(cj;£*7 
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ft £itft $ -5 <fc -5 U t tlX ^ fro 
l»jha*©K <fc#A*#Si LfcO-e*>So 

-Tttfr*.. *>/<*H©y sy»EW*^ HgftK. ipp**$> 

DNA|g£, Er. uredovora ti i£<Di]u*J 4 K&dtiftfc^trr^Mtt^© 

tt*>\ * y??g©7 S VKEW> HMttK, IPP^£DMAPP©£&£fcfei|-f 
£$T*SPJiaffja rhodozyma ^ Haema t ococcus pluvialis tt£"fr hti 
* fm tc <fc S DNAgi (iTie * "f 4> © T * S o 

8u *yttt*nt'W^u *w x-*-*dna*Io 
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(2) *of; 4 K©£gS£it«<*tf.&<fttt£WU 7 * y gtEWUMtti;: 

(3) _tie en ~ (2) <D\.^tii)Azi^<omm^-hut j ^ k££&£$i 

r«6*©ft#fj ©JIT^L <^^^«fc9lc N #*&J&±«ifflgErwinia ured 
oyorafe<fcO'^^iHfl^ Agrobacteriuni aurantiacum tt<i:'g>/7 a f- J Y K££fi£ 
itfe^^A-rSCiJCtO. *»Btt«Sf0l*£4$H4* 7X**-9->*>, -b'7 

tt* 0 ffife^tc. £&£Ji!c&u:gg£-r£fci6i;:ii, ab*y-r K©£M 
£T*££/ctt±l;T Z'&WW&Zo *&Hfl I PP>f 7/5-fi£f (7 i y 

£|S]±£ if-/-; <!: C *>T% *tt ^OS^^SMT'*) £ FPPj&<*fflJjart (C+tflc&tfn 
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^ISBflti, IPP/>m^,DMAPPs SfcW, DMAPP^t>lPP^O^«|^Mii«-r 

LfcC<kKajS£f&LT^£o "fttfrtK Er. uredovora Oft o f- / ^ 
OfiJfflCJ:*) iS-*of->*ft^-i-S*BIB*lt±i LT, Phaffia rhodozym 
a, Haematococcu s pluvial is gDcDNAjSjg? 4" 7 5 U -£fE$gU 

-i<tflIL/:OT, -fctf^Jlg^W-a-S^X ^ K£##rL£*£f^ Saccharomy 
ces cerevisiae OIPP-f 7 y 5 -*'<bili^tel^te£W^ 6 - 

SHMG-CoAU*'? *~tf (SSI El) i^of ;>f K^fcxA^,/ -f Ktf>&i£& 
P&»^^fcLtl^^i:^-5li^(i#SLT^/c3&<. 1PP-C v ^ 5 — tf 

/KBe^^ne^ciPP-r 7> k*3- k-ts<sse 

*H6WJCj:4DNA«»i< fitjSS (1) (2) KHeHSnSDNAEL £fcli*tt£ 

*HW»cJ;SDNAIft*<3- K-T^^'J^y^ Ktt* T = yttE*IA<£RWl-E 
9l#*fl (»4, 5BTttA~Bh E?«l#*f2 (Jg 6 , 7 HT'liC~D)C* Lfc 
E^JSrW^S 4>©T'fcoo *IB1Biw*5^T» cn^ODNAIHctoT^- KStt 
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JfcLTUSo fc<h*.tf. :©8Ml#|07;;|[ (Met) j&<K&LTI>S 
*>©/«£ £'*>C ©7 * y»EWfl!>$fl:JCj:S#U^yf- Kttl.* Uifi*3tK£££ tl 
So &#y<7f- K«r3- K"T ***WDNA«tt, E«-tU 2 (»4. 

5. 6. 7H) Ic^LfcT S y»EM£=J- K«E£Efl**>ok©©fli{;:. IS 
Ma K>lcfcUT©*Jttt£P|— ©itfy^f - K£=i- K"*SMJStt#£t>S 

DNAtt©ttif 

±12©* >/**§© 7 ^ ygfE^iJ^a- K-T *«SEy»l*W"rSDNA«*KS 

£j&-T£C &&7 i y»i&<£ttT&S<fcl»TC<h£%x.ntf, C© 

ft^^J^c&J: 0 tHaematococcus pluvial is ^ fctiPhafHa rhodozyma ^^f 
©cDNA-5 -Y U -*:*MT?tt»U C©7^^5 U -a^itfc^I*©^ 

±i£©J:?tt*36lWDNA8£., *£ttrtn*y-r K££IH£ (*:<!: A tf* Erwi 
nia uredovora© # o f- y <f K£&fiE£{s?l$$&t;^:ll§Su Zymomonas mo 
bis ) Viju? J -f Kg£8l# Erwinia uredovora ©*? p f- y * 

K££jfoafc^fff£#fr Saccharomyces cerevisiae ) tt<!:*©l*£ftl=#A-*- 

^»Bip©a*«^©^*ae^©#A*5«tt;i6«©/;«)©¥iitt^L^ft« 

. *^Bfl(cfc^TTfeL/c<hC6JiW©t©{Cfcl>Tt. jtfe^X^©^ffC«k 
9 Hffl^nt I, »£*>©££*. *©^j£tt^L;£ft (fc£x.M\ "Vectors for c 
loning genes". Methods in Enzymology, 216. p. 469-631. 1992, Academic Pre 
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ss, &<fcU\ "Other bacterial systems", Methods in Enzymology, 204. p. 305 
-636. 1991. Academic Press Ml) <c^CTH«fe"rn(f«t^ 0 

<*mm> 

Sambrook. J.. Fritsch, E. F. . Maniatis. T. . "Molecular cloning-A labora 
tory manual." Cold Spring Harbor Laboratory Press, 1989 0 ^UST 
cD^*it<E : FcD^{i#^lc^oTiT^{f«fcl^< itztx.lis m&O "Molecula 
r cloning -A laboratory manual." „ tz£?Hf. pUC&^pBluescript 

So lac©;/D*-*-t»*W"r**»»ffl'<**- pSPORTl**: 

(ipBluescript II KS^rffl^Ts lac©yp -ogf© y - Kx;u-*S 
tt<S2?|SHwx Haematococcus pluvialis „ Phaff ia rhodozyma , Saccharo 
myces cerevisiae © IPP'f V J 5 — -tfitfi^^ifA Lx Cttis>©ii{K?&*ll 

&ff Saccharomyce s cerevisiae ^©fljfcijfc^cD^A&te. 'Jf-tfAfttt^' 

fiJ#|R) o *#-e©**itfc^©JS«M\ PGK <ft CPD fg^nt 

-©Ranted© V- KXJU-£Stf aioKtt Alfc*5*** h£«ig 
U Z<D5tmiH:v S. cerevisiae ©^*?-. tztx.li> YRp£ (61 
•ftjftfeftOARSEW^aSlfi^frSSftffl-e^f-a f-K??-> . YEp£ ( 
US© 2 //m DNA©fg$Sj£&£fto$#ffiv;U^3 t*-^?*-) > Ylp& (# 

ailE-tr>^- ; PJ. B*ftS<fc¥£ABC-> V-X r«jR££«Dfca©itfc?-l¥J 
$3£#l£fJx Yamano. S., Ishii. T. . Nakagawa. M. . Ikenaga. H. . Mi 
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sawa, N. . "Metabolic engineering for production of j8 -carotene and lyco 
pene in Saccharomyce s cerevisiae ". Biosci. Biotech. Biochem., 58, P.lll 

2-iii4, 1994 mm) o 

< Zymomonas mob i 1 i s > 

3.9 J -;t/&g$fflg Zymomonas mobi lis ^Ofljfcigfc^OgA&tex 
l£tt®lc&i§fcJ£&£&&KJ;«3iT9 Cti)<T'%, Zymomonas mobilis TCPfl 
&&&?4>&$(i* tz tz. te' Zymomonas mobilis e? *-pZA22£fflHTfr 
■jCt^t^ (4»tt££x f Zymomonas fflgOft^Waj x B*m£it¥£t& 
. 63, p. 1016-1018, 1989, fcitf. Mi sawa, N. , Yamano. S., Ikenaga, H. , u 
Production of 0 -carotene in Zymomonas mobi lis and Agrobacterium tume 
faciens by introduction of the biosynthesis genes from Erwinia uredo 
vora ". Appl. Environ. Microbiol., 57, p. 1847-1849, 1991#fi8) 0 

7 r il<*i/)\s\£u 'J (FPP) \tiiv*J4 KWl?tt<* -trX + 7 L ;l/^> 

&fifcLTi.>sc7)T', -r^roa^tt. 4>ramat^«5<tLT fpp^w 

LTl>Sli"fT'£5o -2k #7t^J^jffl ©Erwinia uredovora oa p f- / •< K 
^fifcilfc^lix FPP^rSMi LT, U3^>. + *'T*V>1-> 

Ut'O&ftija*; << K*T£jfc3tfSC£a<DTffeT'&*K 7§ffiSfflB Agrobacter 
ium aurantiacum cD^p^y ^ K£jfol{s?g¥<b&fr£fr#& CI <h 0 . . 

ri^&T'** (m2g|fcJ:t/SfS3l2l#jia) • £(ix AiigAftfT'tt < mil 

Lti%L£.ti)^ ~fUfr>*>^ ^^ Saccharomyces cerevisiae x J - ^£.£1® 
jg Zymomonas mobi 1 i s U dftC Erwinia uredovoraOcrtitfeT-g^gH A Lx 
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tT'lzfemtX^Z [Yaoano. S.. Ishii, T.. Nakagawa, M 
., Ikenaga. H. , Misawa, N. , "Metabolic engineering for production of $ 
-carotene and lycopene in Saccharomyces cerevisiae ". Biosci. Biotech. 
Biochem., 58, P. 1112-1114. 1994 N Misawa, N.. Yamano. S., Ikenaga. H. . 
Production of jS -carotene in Zymomonas mobilis and Agrobacterium 
tumefaciens by introduction of the biosynthesis genes from Brwinia ur 
edovora" . Appl. Environ. Microbiol.. 57, p. 1847-1849, 199k fccfct^ * 
f|B^#b{w«t-6^frai^8i¥3-58786^^« (#^¥2-53255*§-B;)*ffl#) : r 
•hu + J 4 K©£fi£K£fflttDNA*.gj ] o 

L^oT, Er. uredovora ft jfeg>ft p y K&fifc&fc^SMft &EMfflgfl* 
<Di]u*J<( K^fiJciftfi^gf (ftffltfHCli. Ag. aurantiacus &jfcoap^y 4 

-1*7 >tt£* ommiiuf-J 4 Y*£MZikZ>Z.t&mktti 

mi&LtzJ]&lz±»), IPP-f V/ ^-tflfi? (^Mttictt. Haem 
atococcus pluvial is ^ Phaf f ia rhodozyma , Saccharomyces ce 

revisiae tt^tPlPP-f V> £#AU *of y>f K£j£il 

(i) JM109 (pRHl) 

: FERM BP-5032 

(ii) JM109 (pHPll) 

l o 
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2? : FERM BP-5031 

SK^B : ¥fi£7^3E6B 
(iii) JM109 (pSIl) 

: FERM BP-5033 
gI£*£flB : ¥lj5W3E 6 H 

m 1 Wi. HMG-CoA*m?>FPPJCI>/cS^ y y* u >S#&&fdc*I& ; £*1-o 
SI2EUi, ##£fifc*fflB Erwinia uredovora O^of^ K^fiKftttt* 

$3H(*« &#«B% Agrobacterium aurantiacum g)^of-y K££l£&» 
^4g|(i. 7X?*-fr>^>g£.B»% Phaffi a rhodozyma <P1PP> V> 5--tr 

-^Aa^Bii. 251T s yg?j&^te£tf'j^yf- k^t3- Y-?%*--7y ' V- 

-r>f >^ • 7 U-l>&&-? 0 
Sfl5BI(i. !M0©E?i|©^ 

^6g|{i. 7 X ? >?• >g&jjj$ Haematococcu s pluvial is tPIPP-T y V- 

^-•b'itfe^o^SE^iji^ - F$ns^u^yf K07 < y^i^^to m 
4u ie*§-c^£D(i, 2597 > /K^b/is-fj^f K^^- K-rs*-7> 

IS 7 Bite, 3&61|c7>&?ij©&££*-r 0 

^ 8 H(i> H^M^g Saccharomyces cerevisiae g) IPP-f y / =? --trills? 
•=>Fii % 2887 i /K*^/ASf>U^7f K£=J- K^**-^> • 'J-r<f> 
^9g|{i, ^8SOE?iJ©^§^/T-r 0 

ftlOBii* #7c&l£fflg Erwinia uredovora (Dijaf-J << K£&Jifeitfe?£ 
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^llEUi, Phaffi a rhodozyma , Ha ematococcu s pluvial i s , Saccharomyce 
s cerevisiae (D\PP4 V t 5 —b'i&BiF^t^y X * K^r^^o 
1812l21tt, U 3'<>g£&fi*li§g (L:) (D^Wfi^^^-To control!*, IP 

£131211*, 'J =J^:/I6£&S*!!§8 (L:) 0'j3^>41ii^t, contro 
Hi, 5— tfjte ; F***tt^3> hP 

t&UBIli, #«*»BUc*J^SU3^> (L:) , fi-iivfy (£0 , 7 <f 
hx> (PO ©&£***"ro contro Hi, 1PP4 7 y 5— t?il(£^£££ ttl<» 

^Cf&^nT^tJ^i^li, IIQtt^ (Sambrook, J.. Fritsch. E. F.. 
Maniatis. T. , "Molecular cloning -A laboratory manual." Cold Spring Har 
bor Laboratory Press, 1989) (Cgo'^T^So 

c&ttft i ) ±m#Hti&mm 

T^^if^f :>g&a Whaf f i a rhodozyma ti, American Type Culture Co 
Uection : ATCCKgliSftT^ATCC 24230j*£fflWc o Ph. rhodozyma £% 
m+Z%i&tlX. YMigitfe (»«x** 0.3%, ^£x*x 0.3%, h 
0.5%, 1%) £fflWc c 7X^^-9- >^>^^^IHa 

ematococcu s pluvialis ti, frffl&A iftl* • AIHHS*? * - 5 A ( Global B 
nvironmental Forum tlT^S NIES-144 t*£fflWcc Ha. pluvial is 

LT, (&«x*x 0.2%, &&*r-'J*A 0.12 

%, L-77^7^> 0.04%, ttft"e^*>"> U ♦ ATKftl^ 0.02%, «E»»- 
tt'-b**0ft 0.001%, i&tt*7VU->«*A • 0.002%) 20t 

, 12ft!rF H 1Bfl (20 //E/m2- s)/12^|H|ieftfrTT*ij4Biyi««L/io Ha. 
pluvial is <P7X?*-fr>f L >&&£gSg|-rSfcfe{c, ->xKkil»9, 
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&45 bM. t7k*n#)£&**&g450 # MICfcSJ: n IZfja^.. 20t. 

Tt^S 125 #e/m2- sT^12^P B ^gL/Co HifegBm Saccharomyce s cerevi 
siaeti. Yeast Genetic Stock Center lcgH$nT<,*£S288CJ*£flH>£ 0 Sa 
. cerevi siae £i§g1-£%ife<h It, YPD&Jfe (»fx+^ 1%. 
V> 2%, $ou=>-x 2%) £fflWc 0 

C^ifefll 2 ) Phaffi a rhodozyma g)£RNAg)|3$g 

Phaffi a rhodozyma ATCC 24230^^400 mlOYMlgiftKlSS LT20°C. #j24B#fyi 
&lB£#Lfco ^g^O^K^0D600=0.4lcn»:ofc<i:C^T'g(*^mgL. ifc-ft 

LtZo &&Ltzm# : &)k±T'MffiLtz&^ 6 mlOANE'< -y 7 7 - (10 mM Bftg?-*- 
MJ-)A> 100 mM mil- h 'J ^ A > 1 mM BDTA :pH 6.0) U i^V* 

TjfS±*T'^7^t'-X^M/:o MIC600 /il®10% SDS<h6 Dil©65t{cS 
J6fc7xy-;u£jjQ;^ est-esM&fiLfco c©&30#&K;f-:yu-f «y 
fr<.\ g#£$#Lrt:o ^S*T'^^< ?^iq LT1500X g, 10#Fb1. £ 

*£m\ 1500xg, lOM, ^r^iC^JUL/Co |l'Tli©7i J-)l : 
?od*;UA (1 : 1) x ^ o D^^A^fflHt^i^^Tofci, fibtib U 
*:±JIK10#©1»©3 M M*A£3£fi©x?y-/U£Jji];U -20t 

OftSjUeTSOtfRgftiflL/Co 15000 xg, 155^ 4tT£4>U 70%x?y- 
;UT'J>*U ^JS Lfci> 200 //l<DMm7kK?gMLfck©£Ph. rhodozyma 
O^RNA^^tL/Co C©P3S!ST1.6 mg(D^RNA*<?i^n/Co 

i%Wl\ 3 ] Haematococcu s pluvial is g)£RNAOjj)3$g 
Haematococcus pluvialis NIES-144 #£800 mlOS*lS%(C*ig LT20 
*&£20 #E/m2-s. lAUr** t )\'\mtm/\^W&fr'r'T:%Wt& 
£SU ffit>Tft&£S&£Jf45 mM, • -b7Kf043!l£g&gJg450tf 

MKtt^J^tcfln*.. 20t. jt^gl25//E/ni2- sT'^12NfFe1^SL/Co 
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tzo v&ftomftmmzz d>i©isogbn-ls urn ziiaz.. 

X'5ftfflfomi> $ t>{C0.8 ml0?DO*;l/A£jta;Ltf:(fe. 15#RSJ& L < L 

g&T'jftgLfco 12000x g> 15^1 AVC&bfm LT±l£tt 
tBLs 2 mltfM vyp^V-;U«:ft]X.T10^PBl> MfiT'»g&> 12000x gx 10 

aeu 4tT?ai«»iLfc e m*T70%x*y-;uT'*tM£'J >xu Kttt 

fcSL 1 nl©TES£9r& (10 mMHJX-HCl pH8. 0. 1 mM EDTAHiSMB Lfc 
Ha. pluvial is O:£RNAig?fe£ Lfc 0 C ©PaS!ST4. 1 mg©£RNAjWI£ftfc. 

CHJfe^J 4 ] Phaf f ia rhodozyma RE/ Haematococcus pluvial is <£>cDNA% 

*'J ^f- v ?X-dT30X-'<- [Saa(Ws)] l^T Phaf f ia rhodozyma 
RE/ Haematococcus pluvial is O&^RNAifol mgri>£;i" U A+RNA£*tt*'ttf8 
KLfco ttSIWffitt. *fto»!ai{iiW»©ffiffl*ffiC«£ofc„ CO^TPh. rh 
odozymaTrli. #l 26 */g. Ha. pluvial is Tteffl 14 u g<Dfr- *) A+mRNA£$t$!! 
Lfco 

cDNAODftSStex X-^-X^'jyun^X; h'yXfA (CIBCO BRUt) & 

*VA+mRNA£flH\ Hfll® 3*31 Not l®52^E?iJ t 15merstf):t U r/dT^fcttS&fifc 
DNA£7*5^v-£LTi£fc¥il&SUPERSCRIPT RTT'*9JilimDNA££fi£L. 
T Escherichia. coli DNA U tr\ E. coli DNA / ? ~t\ E. coli DNA 
RNase H£ffll>T22MgcDNA££j£ Lfc&. ftJIW^Sal I© V >ii -£T4 DNA 
'J fe*T'*g£$ti\ a^^(-cDNA©±fl5t*^*<SailS|5{i, # U AWTSt** 
Not 1 SUaicttSiTCffKLAio <.»T, C*l^cDNA<D-*-r X# 

S£fT<<\ 0.7 kb~3.5 kbO&moftMtmitotZo dO^aocDNAtcDNARS^ 
??-pSP0RTI Not l-Sall-Cut <h£±* *y Hc^SftTH* 5 4 Y- ! s a > 

*7 r-(50 diM h'J X-HC1 pH 7.6. 10m M MgCh. 1 mM ATP. 1 mM DTT. 5* 
PEG 8000)RO'T4 DNA 'J 1i-*£Zm^Xv 4 V- > 3 > Lfco C©cDNA»£'< 
??-pSP0RT Hi* Sail «tt©±*«c]ac7"D*-*-*4>^ *Hgf*JT'cD 
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^itffiiT, Molecular Cloning 2nd edition : Cold Spring Harbor Laborat 
ory . 1.21-1.41 (1989) ©:£&<Cft oTtHS!! LtzKMm ( E. coli ) DH5a©3 
>t*x> ht;U©ff*g|£&£frofco Ph. rhodozyma T^20^<@ x Ha. pluvial i 
sT'^4Ji©igfem<ibn, C*l£>££THi6A:8L Molecular Clonin 
g 2nd edition : Cold Spring Harbor Laboratory ,1.21-1.41 (1989) <D#j£lc 
fifel\ -f?Xi KDNA^SIL/co &*0.9 mg, 0.6 mgOy^Xi K 

DNAa<if£*U cn^r^n^'tlPh. rhodozyma RD^Ha. pluvial is DcDNA%% 7 

erwini a uredovora DcrtZ ^BO^Df;>f K^Jftiltc^g^W-f £7 7 X 
S KpCARlG [Misawa, N., Nakagawa, M. , Kobayashi. K.. Yamano, S. . Izawa, 
Y., Nakamura. K. , Harashima, K. , "Elucidation of the Erwinia uredovor 
a carotenoid biosynthetic pathway by functional analysis of gene produc 
ts expressed in Escherichia coli . " Journal of Bacteriology, 172. p. 670 
4-6712.1990, &Cf*|gl»#&t:J:«^ffFAIS4$N3|i3-58786^ffi (#M¥2- 
53255^Bfl$£) : r^Dfy-f KO^fifcfcWfflttDNAIftj ] OBstEll Mit* 
KlenowS*£&JI, ') #~tfEJ6*fT-5 C t ICJ: ♦) % crtX&fg^£7 h 
K«fc 9 0 D^^^j^^g/icrtE, crtB. crU, crtVitfc? 
(SS2g|) £££;6.0 kb Ajp718(KpnI)-BcoRI»rM-^i3J<9tiiL^o CCifr 
£*B§ * -pACYC184©EcoRV3|ife(Cj$AU g ft <!: S 7° 7 K (pA 

CCAR16AcrtX£<ft£, SfHOgJ) Z'&tzo C<DpACCAR16AcrtX£Wr £*»§g(;t> 

"To KpCAR16£DBstEN/SnaBI^Yt. Klenow&£&3x U 

■fe"K££fr9 C iic«t 0. crtX^crtYigfc^at^. 26 kb BstEI 1-SnaBl 
»rtt£W9EfcW;gL 'J 3^>g£tc#g/.icrtE, crtB. crtligfe? (^2^) 
£££;3.75 kb Asp718 (KpnO-EcoRISr^^^OtliLAio C£>»rtt£;M§ffi 
*-pACYC184©EcoRV SMfcKtfAU a ft <!: £ 7° 5 7^ K (pACCRT-EIB 
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t$t%, ffHOH) Z&tZo C©pACCRT-EIB£W-f £*8§gli. ?o-5A7x-3 
-rt/fittt^jrU *>o'J 3^>^4gLTgfeCDfe^^t (Cunningham Jr. F 
. X., Chamovitz, D.. Misawa. N. . Gatt. E. . Hirschberf, J.. "Cloning and 
functional expression in Escherichia col i of a cyanobacterial gene fo 
r lycopene cyclase, the enzyme that catalyzes the biosynthesis of $-c 
arotene". FEBS Lett.. 328, 130-138, 1993) 0 

fclC, -fvXi KpCAR16©BstElI/Bco52I?g^k, Klenowg*&&3, U#-H? 
fcfo&ft ?C<hK e fc*K crtX. crtY. crtligfc?-££t;3. 7 kb BstEIl-Eco52 

mK-£W)m*tz'&, ->4 \>*>m$nz&mtecni. crtB%fc? (SS2H) * 

£t;2.3 kb Asp718 (KmD -EcoRm^ Bit tz 0 COBrfrSrA-M^ 
?*- P ACYC184©E^oRV SB&KifAU B <h-fS75 * ^ K (pACCRT-EBi 
ifrfc. SH10EI) COpACCRT-EB^W-rS^HgW. ?a^7i-3- 

^Wtt^^L-T^s 7* hx>(i«Sfe©^J6s feH J! (igfl: tittle (Linden. H. 
, Misawa, N. . Chamovitz, D. , Pecker, I., Hirschberg, J.. Sandmann, G. , 
Functional complementation in Escherichi a col i of different phytoene des 
aturase genes and analysis of accumulated carotenes". Z. Naturforsch. , 
46c, 1045-1051. 1991) 0 

±IS^vX S KpACCAR16AcrtX£&ft^£*IMJM101;&<£-*7O^>£g£ 
LTHfe (ttSC £3rfi]ffl LTv C<D^H^(C Phaff ia rhodozym a£ teHaem 
atococcu s pi u v i a 1 i s OcDNAIEgi 7? 'J -^iAt5:iT\ «t«9llfe©fe 
«^»<tii^Bfe»ft* < S*JftSA^'^^^a-»/:. Molecula 
r Cloning 2nd edition : Cold Spring Harbor Laboratory. 1.21-1.41 (1989) 
<DU&*mi.\ pACCAR16AcrtX*«^-rS*MI»JM101©3 >k*x> Hr'Ufctt 
8!L/wo D;i:> :03>t'f>ht;l/ 1 ml{c*tLTPh. rhodozym afc.fcffHa. 
pluvial i s <PcDNA%% •? 7* -5 'J -£&100ng-f o£#A U *tt*'*U<j207J<i 
fc*CM&4tfffl©$Kte»tt** 150//g/ml©7>£->»J 30.fig/nl©*o 
7/,7i-3-Jk 1 mM<DIPTG££t;LB7 , U- h (Ufi/<* h h 'J 7* h 0.5 
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%gMJx*;* N 1% NaCK 1.5K$£) ±IC||< C tick*** »J --^7* 
fr<.\ ffe©#<fc0 3tfe©feiB;&<g^#£Ph. rhodozyni aT-5^, Ha. pluvial is 
T-IOW. &®-t*>Z£i)<T'ZtZo Z.tly><Dm^^v7sl KDNA£l4thLT$JPB 

K©?*>. Ph. rhodozyma fl5fcg)7 , -7 7s ^ K© 1 o£ P RHl , Ha. pluv 

ialis fljfeOT 0 -?;^ K© 1 o£pHPl<t#£ £ £lCpHPl£SaU iNotl T 
*8fl:TcDNA»rK-gR#£SK*)tfjU pBluescriptl I KS+<cJf A/c fcO^pHPll 
110) £ifr£U cn£<D7-7*~ K£J£U£©^8lcffll^ 0 

K©tt«*m\ -en^jc^ffl^TigSK^cD^^fTo/co p rhi 

tiEcoRI iPstl £^(iNotIiSphI T#S?U pHPHiAatll tBamHIS 
fcliKpnl (hEcoRI-C^JSLfc&x 7 x y o d *;UAflbtfj£fT^ x? 
V -A>2fcjaicJ: 9DNA£[§]iKLtf:o ^n^'tlODNA^rlOO jz lCDExoI 1 1'< y 7 7 
- (50 mM Tris-HCl. 100 mM NaCl, 5mMMgCl,. 10 mM 2-/ Jlij? h x? J - 
/K pH 8.0) izmmt, 180J.--y KDBxolII? ^ UT--t*^-ft]^T37 < CT'{S«a 
Ltz 0 30#r<htci0 ul£-*>~7i) >/LT> 10 //IOMB/< /7r- (40 m 
M NaCl. 2 mM ZnCh, 10% 7 'J -b d -;u % pH 4.5) CAofc^JtOf a-^i;^ 

Lfco >^*7&x ^^ti/iio^o^a-y^est, io^-p B msLr» 

5J---y h©7>/ fc'- >7 ? UT--t*£j!jn;iT37 , t;T30# 

0{CoUT10tt©^n^n^^<7)g^<E/j:aDNA»r«-^I5]jRLfco @JR L/iDN 
A(iKlenowK^CJ:0*^^¥?t^L. 16X\ -Bfc5 -f 7- > 3 >Kfc LfcSL 

*mmm5a£Bn$z&uz 0 mt>ntzm*<D9 v->iz^^T7?zi k&a 

8¥U 7 7*5^ P<^txXfA (ft) V-iM ?/l/>-?X>7. 

+ -y h£ffl^T*>-?x>>>?-5£&{T<,^ g»r>- ?x>-*-£BH>T£g 
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pRHlO Phaffi a rhodozyma£3fccDNA(il099£S*J (bp) OigSBe^I 
j&^fcO (Ey>JS^4) . 2517 ^ J tt^&tt&ipy'^f- K*=i- K***- 
7> • U--f >r >r • 7 U-WlEt5:i*^-5fc (^4~5 Eltc^Jtt S 
A*^B{C*t*D) o pHPlO Haematococcus pluvial is &5fccDNAtel074 bp©£ 
SBeyiJ^ h> U ») (E?iJ§^ 5 ) . 259T ;y»*»b<£4 * 'J K£ 3 - K-r 

S*-7> • U--r-f >^ • 7 V-Ufrtf&-?Z>Z.tfr*>frr>tz (S&6-7 Hie 

fcit sca^DKttrt;) 0 :ot-^> • y — r * >r • 7 u-A^^^g^n 

fc7; /&E?iJ£Gene Banktc-C*8|Hlt4£&s$t LfclSS, Ph. rhodozyma fc XZJ 
Ha. piuviahs©T i yg?E5>J«> SS#£*>. *n***U t©7; yftEW^t 
"g $ tiTl » 5 Saccharomyces cerevisiae © IPP-* 7 > •? --tfjjfei 1 (An 
derson, M. S., Muehlbacher. M. , Street, I. P.. Profitt, J.. Poulter, C. 
D. , "Isopentenyl diphosphate: dimethy lal lyl diphosphate isomerase -an im 
proved purification of the enzyme and isolation of the gene from Sacchar 
omyces cerevisiae". J. Biol. Chem., 264, P. 19169-19175. 1989 #!&) £27 
. 0%*i«fcO'tf20. 3%©7f -r yy- 4 f- 4 - 1 ^ r> K^fiHtt** LTl>« £ tt< 

t>frr>tz<DT\ ipp-t v/ ?—e&& : ¥-T"jr>z>±m'fe2ntz 0 

[HJfe^l 8 ] Saccharomyce s cerevi s i ae ©£DNA©IEIS!j 
Saccharomyce s cerevisiae ©£DNAg>lB18!ltex Methods in Yeast Genetics: a 
laboratory course manual : Cold Spring Harbor Laboratory, pi 3 1 - 1 32 (199 
0) UjnSn/^ftT'J^TO&CiT ofco Sa. cerevisiae S288C£10 ml©YPD 
i&JftKttBU -ft. 30"CT«*Lfco ^SL/:IMtSL, 0.5 ml©$g7k 
T'fijB.LTft»Lfco S£> 8f*£HSLT±fc£lR*)Ki£. 0.2 ml©2X Trito 
n X-100. IX SDS. 100 mM NaCi, 10 mM Tris-CI (pH 8), 1 mM EDTAt0.2 m!07 
x J-Jl : f ddW : -fV7; ;I/T/U3-^K25:24:1) tO. 3g<Difv X t*- 
X£ft]/U 3~4#ISJ#Afr* 9 XlzfrVti'&. 0.2 ml<DTE buffer (lOmM Tris 
-CKpH 8). 1 mM EDTA)£Sll/Lfco 5»ffla4l«»8Lfc«. ±g£#LTl ml© 
i^y-zu^-jta^.. 2»H©a^(i*lT-»f:o #^n/i«:Rtt«r0.4 ml 
©TE bufferdSJKU 2u l©10mg/ml©RNase A£*JD;LT^£. 5ftnffl°C 
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lOTE bufferlCfefl?LTSa. cerevisiae S288C<P£DNA<h Ltz 0 C©8ftT\ 
3.4tfg©£DNA;&<lf £ftfco 

CHte^j9) PCR&<;:<fc 5 Saccharomyce s cerevisiae OIPP^ V> 7--b'iIfc 

(Anderson. M. S., Muehlbacher. M. , Street, I. P., Prof i tt, 
J.. Poult er. C. D. , "Isopentenyl diphosphate: dimethylal lyl diphosphate 
isomerase -an improved purification of the enzyme and isolation of the g 
ene from Saccharomyces cerevisiae". J. Biol. Chem.. 264. P. 19169-19175. 
1989 ) (c$g£$ttTl>£Sa. cerevisiae © IPP-f V / ? --tfigfc^cp&gBgyil 

7 -5 'f v - No. 1 5* -TCGATGGGGGnGCCTTTCTTTTTCGG-3' 
-f "5 << -r - No. 2 5* -CGCGTTGTTATAGCATTCTATGAATTTGCC-3' 

PCR-triftrf SlPP-f 7/5— »f»fi^O±a(Effl*«|*<Taql Tali* 
^<AccIlSiJ&^/j:5«k^{Cx1f'f >L/c 0 PCRti, 200ng©Sa. cerevisiae ^ 
DNAt Pf uDNA* U > 5 — (STRATAGENE)£& -> T3(Hr -f ? *Trr-» fc„ PCRT- 
ii^n/cIPP* vy ^-^ilfi^-^WBrtTfB^S-fr-S^Alc. TaqI <bAcc 
ITtfHtU ^-pBluescriptll KS+ OCJal SP&iSmal SHfcfctfALfc 
o K£pSll<hf&£Lfc (^11) o COSa. cerevisiae ftfeDNAttlO 

58bp£>i£aK7iI^£tt«9 (BeyiJ#^ 6 ) , 288T ~ J Bfc^£>ti& IPP-T V ^ 5 
K-rs«tc : FA<l?fiLTl»f:.(»8-9Bllc*i<t.5B*^FIi*tie) 



^??-pSP0RTk Phaff i a rhodozyro aOlPP'f V y -7 
7>i KpRHK Haemal ococcu s pluvial is <D v/ 9 --farigfc : F : ££t;:7'-7 * 
$ KpHPlK *J«tt>\ Saccharomyce s cerevisiae OlPP^ V y — -tfit(g?-<g-# 

1 9 



WO 96/28545 PCT/JP96/0OS74 

t^7X; KpSII mil®) £x *n*'*U pACCRT-BIB (£100) ^'J^ 
>£g*Bl®JM101 (&&, L:tffi1&<tlX&*) fc#AU 150 ug/ml<D7> 
t*>'J> (Ap) x 30 //g/nl©?U7A7i-3-;l/ (Cm) x 1 mMOIPTG^^t" 

le^OiAx H5iicJ:*K FPP*T'©±^(DiglS (* 1 H#IBl) *<*<^0> 
*£f&ttlcFPP<D#m«*^*SCci:lc«l;*K U 3^>©it»{;:i£tfoW-<!:%& 

Jt5Bi$&a<^< ti^tzO[t, FPP<Dit£lC«J:^ «J n^yigfifcttTttX, *B§ 
g©£WK#gttFPP&*©Jlj£# (fc<h/tti\ FPP<f>GGPP*££* >'<?B) K 

o * 

lPP-f y / ^--tritfc^O&AK.fc* u 3^>tilO)Sl«$ 
liJ:oTt>**^t>nfc« 5 ml<DAp. Cm£#i;LBi£ifeT'. 28°C. -BfeJS&i£SL 
fcbiDfrbs *<01 ml£200 mlOAp, Cm. 0.1 mMtf) IPTG£#t;2YTi&it& (1.6% 
n'nh^h^ 0.5%NaCl) XIVQ. 230. rpm Tfifftte* 

©fi!j££iTofco 650 nm©i5R)tS^SiJ^1-6C<i:C«t«5 3jci6^o U 

2.5 Bi©T«b h >£in;L. 30»MttfllLfco cioiHK n#ffr> t^f-ynm 

/c„ ttS^lTofctft. 474 nm©ift)fcj£*:ffl!]£U 'J mM. 1 cm-tr;U£/cO 

©i»7tK*< 185.0(1: LT>; 3^>£»©£*£f7-^ 0 #7fcft£Itli. JASCO UV 
IDEC-220B£ffiWco Cft £©#^'*^K U 3^>£££ LTfcO. 474 

> nmmmzTfi^tix^io e**. ^120 (£Wi&$) , sh3bi (uu^>£ 

gffltH) (C*Lfc« (*12H) Kfc^Ttt. IPP-f vy 7— tritfc?* 
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fc* ;ttie©£W(C#^«j:FPPa*0«fiJfc» FPP^GGPP*S&*>'< 

5--tfiI£^££i;3<5Mi. iggcK Sic, 3>hD-;i/J:D, 
>©4SM^Lfc, ig#28l$F H , i&<D 'J 3^>4Il^iIg^/:i)Ol$ 
(&M) T^L/c©*>\ JfU4ElT'fc£o IPP>f 7 y ^-•fe'itfc^S-^&'S fcMi 
, IPP-f 7> 5— tfUfe^at/XHa > ho-yU©3.6~4.5te<D£g*£7j: 
Lfco tt*>\ pHPll££i;'J 3^>t4*B«7?Bs £M1 g*fc»)1.03 mg 

^-pSP0RTlfe«tO' Phaffi a rhodozyma©lPP>f V > -5 —fe'ite^&^t; 
^7X; KpRHl€\ ZtlZ'tl. pACCAR16AcrtX O&10EI) nf- 
£*B§gJM101 iS:4«ftibLT*f) IC*A Lfc 4>0*5 ulOAp. Cm 

«r^tL.B«Jl!!T. 28t\ — ftSJtiS*L/t tO^b, *©1 ml£l00 nlOAp, Cm 
, 0.1 inM©IPTG££fr2YTi&ifcT-28 < tx 230 rpnfC\ 28B5KK fiiftW&frofc 
o «^»fll(Cj:0* :nt»A^iMI^ 0.85% NaC|-Cfto/c&, 40 ml© 

i§L/:t> 454 nm(DtykJtJj£$:ffl/il 0-iiaf-> 1 mM. 1 ci-feyH&fcOOIR 
*ff *<134. 4<t LT)S-^Df >£*4)£M£fT -> fc 0 *©fe***14ia(C^ L 
fro pRHl££t;j9-aDf-_>g£*gM9(d; % ££ftl g*fr«9709 ug<Dp-h 

££LT*J*K 454 nm©i»7fcJ£(iig-rt n^>(CjgELTl,'£C<!:£, HPLClCj: 
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OStKL^o Trte*>*>, iivUbLT, *HR 6// C18 (3.9x300 nun) 

(90/6/4) T'JgP^ff^. 7* KTU-r^tbS996 («>*-?- 

XttK) tC<fc<9*-*-£fTofco ^©^^ 5jmgB©f-^cO(ilS100%*</8 

mnmi2) \??<(V/ 5~ tritfc : ?i!IA<;:<k<5 7-r hx>£g»0it» 

*-pSP0RTk Phaffi a rhodozyma© IPP^f V / 5 --triifc^^t;?*^ 
X; KpRHU &£>\ Haematococcu s pluviasl is CDlPP^T 7 > •? -^t^iIfc : P£^& 
:/7XS KpHPll*. *ft*f*U pACCRT-EB (SS10EI) ££t;7 4 hx>14* 
BSJH101 (&&. Prttt^fcLT^-r) K#ALfct>©*5 ml©Ap, Cm£#t; 
LB^ilfe-e. 28t, — ftfiSt«*Lfct>©*^. *©1 ml£l00 mlOAp, Cm. 0.1 
■M©IPTG*^rt;2n«JftT28'C. 230 rpnfCU 28$IHU &!|Jgg&i7 o fc 0 
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htf a*- : Mft 

Met Ser Met Pro Asn He Val Pro Pro Ala Glu Val Arg Thr Glu Gly 

5 10 15 

Leu Ser Leu Glu Glu Tyr Asp Glu Glu Gin Val Arg Leu Met Glu Glu 

20 25 30 

Arg Cys lie Leu Val Asn Pro Asp Asp Val Ala Tyr Gly Glu Ala Ser 

35 40 45 

Lys Lys Thr Cys His Leu Met Ser Asn He Asn Ala Pro Lys Asp Leu 

50 55 60 

Leu His Arg Ala Phe Ser Val Phe Leu Phe Arg Pro Ser Asp Gly Ala 
65 70 75 80 

Leu Leu Leu Gin Arg Arg Ala Asp Glu Lys lie Thr Phe Pro Gly Met 

85 90 95 

Trp Thr Asn Thr Cys Cys Ser His Pro Leu Ser He Lys Gly Glu Val 

100 105 110 

Glu Glu Glu Asn Gin He Gly Val Arg Arg Ala Ala Ser Arg Lys Leu 

115 120 125 

Glu His Glu Leu Gly Val Pro Thr Ser Ser Thr Pro Pro Asp Ser Phe 

130 135 140 . 

Thr Tyr Leu Thr Arg He His Tyr Leu Ala Pro Ser Asp Gly Leu Trp 
145 150 155 160 

Gly Glu His Glu He Asp Tyr He Leu Phe Ser Thr Thr Pro Thr Glu 
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165 170 175 

His Thr Gly Asn Pro Asn Glu Val Ser Asp Thr Arg Tyr Val Thr Lys 

180 185 190 

Pro Glu Leu Gin Ala Met Phe Glu Asp Glu Ser Asn Ser Phe Thr Pro 

195 200 205 

Trp Phe Lys Leu He Ala Arg Asp Phe Leu Phe Gly Trp Trp Asp Gin 

210 ' 215 220 

Leu Leu Ala Arg Arg Asn Glu Lys Gly Glu Val Asp Ala Lys Ser Leu 
225 230 235 240 

Glu Asp Leu Ser Asp Asn Lys Val Trp Lys Met *M 
245 250 



E?IJ#^ : 2 
B£?iJ©££ : 259 



Met Gin Leu Leu Ala Glu Asp Arg Thr Asp His Met Arg Gly Ala Ser 

5 10 15 

Thr Trp Ala Gly Gly Gin Ser Gin Asp Glu Leu Met Leu Lys Asp Glu 

20 25 30 

Cys lie Leu Val Asp Ala Asp Asp Asn lie Thr Gly His Val Ser Lys 

35 40 45 

Leu Glu Cys His Lys Phe Leu Pro His Gin Pro Ala Gly Leu Leu His 

50 55 60 

Arg Ala Phe Ser Val Phe Leu Phe Asp Asp Gin Gly Arg Leu Leu Leu 
65 70 75 80 
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Cln Gin Arg Ala Arg Ser Lys lie Thr Phe Pro Ser Val Trp Thr Asn 

85 90 95 

Thr Cys Cys Ser His Pro Leu His Gly Gin Thr Pro Asp Glu Val Asp 

100 105 110 

Gin Leu Ser Gin Val Ala Asp Gly Thr Val Pro Gly Ala Lys Ala Ala 

115 120 125 

Ala He Arg Lys Leu Glu His Glu Leu Gly lie Pro Ala His Gin Leu 

130 135 140 

Pro Ala Ser Ala Phe Arg Phe Leu Thr Arg Leu His Tyr Cys Ala Ala 
145 150 155 160 

Asp Val Gin Pro Ala Ala Thr Gin Ser Ala Leu Trp Gly Glu His Glu 

165 170 175 

Met Asp Tyr He Leu Phe lie Arg Ala Asn Val Thr Leu Ala Pro Asn 

180 185 190 

Pro Asp Glu Val Asp Glu Val Arg Tyr Val Thr Gin Glu Glu Leu Arg 

195 200 205 

Gin Met Met Gin Pro Asp Asn Gly Leu Gin Trp Ser Pro Trp Phe Arg 

210 215 220 

He lie Ala Ala Arg Phe Leu Glu Arg Trp Trp Ala Asp Leu Asp Ala 
225 230 235 240 

Ala Leu Asn Thr Asp Lys His Glu Asp Trp Gly Thr Val His His lie 
245 250 255 

Asn Glu Ala *** 



K*l## : 3 

$ : 288 
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Met Thr Ala Asp Asn Asn Ser Met Pro His Gly Ala Val Ser Ser Tyr 

5 10 15 

Ala Lys Leu Val Gin Asn Gin Thr Pro Glu Asp lie Leu Glu Glu Phe 

20 25 30 

Pro Glu He lie Pro Leu Gin Gin Arg Pro Asn Thr Arg Ser Ser Glu 

35 40 45 

Thr Ser Asn Asp Glu Ser Gly Glu Thr Cys Phe Ser Gly His Asp Glu 

50 55 60 

Glu Gin He Lys Leu Met Asn Glu Asn Cys He Val Leu Asp Trp Asp 
65 70 75 80 

Asp Asn Ala lie Gly Ala Gly Thr Lys Lys Val Cys His Leu Met Glu 

85 90 95 

Asn lie Glu Lys Gly Leu Leu His Arg Ala Phe Ser Val Phe He Phe 

100 105 110 

Asn Glu Gin Gly Glu Leu Leu Leu Gin Gin Arg Ala Thr Glu Lys He 

115 120 125 

Thr Phe Pro Asp Leu Trp Thr Asn Thr Cys Cys Ser His Pro Leu Cys 

130 135 140 

He Asp Asp Glu Leu Gly Leu Lys Gly Lys Leu Asp Asp Lys lie Lys 
145 150 155 160 

Gly Ala lie Thr Ala Ala Val Arg Lys Leu Asp His Glu Leu Gly lie 

165 170 175 

Pro Glu Asp Glu Thr Lys Thr Arg Gly Lys Phe His Phe Leu Asn Arg 

180 185 190 

lie His Tyr Met Ala Pro Ser Asn Glu Pro Trp Gly Glu His Glu lie 

195 200 205 

Asp Tyr He Leu Phe Tyr Lys lie Asn Ala Lys Glu Asn Leu Thr Val 
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210 215 220 

Asn Pro Asn Val Asn Glu Val Arg Asp Phe Lys Trp Val Ser Pro Asn 
225 230 235 240 

Asp Leu Lys Thr Met Phe Ala Asp Pro Ser Tyr Lys Phe Thr Pro Trp 

245 250 255 

Phe Lys lie Me Cys Clu Asn Tyr Leu Phe Asn Trp Trp Glu Gin Leu 

260 265 270 

Asp Asp Leu Ser Glu Val Glu Asn Asp Arg Gin lie His Arg Met Leu 
275 280 285 

E?"i#-*f : 4 
E?iJtf>^£ : 1099 

b*o>>- : ami* 

s.n<omm cdna 

$EM%i : Phaff ia rhodozyma 
: ATCC 24230 

ft&Zmttm : CDS 
!?£{&Dl : 99. . 851 

CCCACGCGTC CGCACATCTC GCATATATCA CTTTCCTCCT TCCAGAACAA GTTCTGAGTC 60 
AACCGAAAAG AAAGAAGGCA GAGGAAAATA TATTCTAG ATG TCC ATG CCC AAC ATT 116 
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Met Ser Met Pro Asn He 

5 

GTT CCC CCC CCC GAG GTC CGA ACC GAA GGA CTC ACT TTA GAA GAG TAC 164 

Val Pro Pro Ala Glu Val Arg Thr Glu Gly Leu Ser Leu Glu Glu Tyr 

10 15 20 

GAT GAG GAG CAG GTC AGG CTG ATG GAG GAG CGA TGT ATT CTT GTT AAC 212 

Asp Glu Glu Gin Val Arg Leu Met Glu Glu Arg Cys lie Leu Val Asn 

25 30 35 

CCG GAC GAT GTG GCC TAT GGA GAG GCT TCG AAA AAG ACC TGC CAC TTG 260 

Pro Asp Asp Val Ala Tyr Gly Glu Ala Ser Lys Lys Thr Cys His Leu 

40 45 50 

ATG TCC AAC ATC AAC GCG CCC AAG GAC CTC CTC CAC CGA GCA TTC TCC 308 

Met Ser Asn lie Asn Ala Pro Lys Asp Leu Leu His Arg Ala Phe Ser 

55 60 65 70 

GTG TTT CTC TTC CGC CCA TCG GAC GGA GCA CTC CTG CTT CAG CGA AGA 356 

Val Phe Leu Phe Arg Pro Ser Asp Gly Ala Leu Leu Leu Gin Arg Arg 

75 80 85 

GCG GAC GAG AAG ATT ACG TTC CCT GGA ATG TGG ACC AAC ACG TGT TGC 404 

Ala Asp Glu Lys He Thr Phe Pro Gly Met Trp Thr Asn Thr Cys Cys 

90 95 100 

AGT CAT CCT TTG AGC ATC AAG GGC GAG GTT GAA GAG GAG AAC CAG ATC 452 

Ser His Pro Leu Ser lie Lys Gly Glu Val Glu Glu Glu Asn Gin lie 

105 110 115 

GGT GTT CGA CGA GCT GCG TCC CGA AAG TTG GAG CAC GAG CTT GGC GTG 500 

Gly Val Arg Arg Ala Ala Ser Arg Lys Leu Glu His Glu Leu Gly Val 

120 125 130 

CCT ACA TCG TCG ACT CCG CCC GAC TCG TTC ACC TAC CTC ACT AGG ATA 548 

Pro Thr Ser Ser Thr Pro Pro Asp Ser Phe Thr Tyr Leu Thr Arg lie 

135 140 145 150 
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CAT TAC CTC GCT CCG ACT CAC GGA CTC TCC GCA CAA CAC GAG ATC GAC 596 
His Tyr Leu Ala Pro Ser Asp Gly Leu Trp Gly Glu His Glu lie Asp 

155 160 165 

TAC ATT CTC TTC TCA ACC ACA CCT ACA GAA CAC ACT GGA AAC CCT AAC 644 
Tyr lie Leu Phe Ser Thr Thr Pro Thr Glu His Thr Gly Asn Pro Asn 

170 175 180 

GAA GTC TCT GAC ACT CGA TAT GTC ACC AAG CCC GAG CTC CAG GCG ATG 692 
Glu Val Ser Asp Thr Arg Tyr Val Thr Lys Pro Glu Leu Gin Ala Met 

185 190 195 

TTT GAG GAC GAG TCT AAC TCA TTT ACC CCT TGG TTC AAG TTG ATT GCC 740 
Phe Glu Asp Glu Ser Asn Ser Phe Thr Pro Trp Phe Lys Leu lie Ala 

200 205 210 

CGA GAC TTC CTG TTT GGC TGG TGG GAT CAA CTT CTC GCC AGA CGA AAT 788 
Arg Asp Phe Leu Phe Gly Trp Trp Asp Gin Leu Leu Ala Arg Arg Asn 
215 220 225 230 

GAA AAG GGT GAG GTC GAT GCC AAA TCG TTG GAG GAT CTC TCG GAC AAC 836 
Glu Lys Gly Glu Val Asp Ala Lys Ser Leu Glu Asp Leu Ser Asp Asn 

235 240 245 

AAA GTC TGG AAG ATG TAGTCGACC CTTCTTTCTG TACAGTCATC TCAGTTCGCC 890 
Lys Val Trp Lys Met *M 
250 

TGTTGGTTGC TTGCTTCTTG CTCTTCTTTC TATATATCTT TTTTCTTGCC TGGGTAGACT 950 
TGATCTTTCT ACATAGCATA CGCATACATA CATAAACTCT ATTTCTTGTT CTTTATCTCT 1010 
CTTCTAAGGG AATCTTCAAG ATCAATTTCT TTTTGGGCTA CAACATTTCA GATCAATGTT 1070 
GCTTTTCAGA CTACAAAAAA AAAAAAAAA 1099 
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E?i|tf>£3 : 1074 

: 

h#Di;-:jS«|tt 
B£?"J®iIg : CDNA 

&M%x : Haematococcus pluvialis 
: NIBS-144 

'4*****15^ : CDS 

: 145 . . 921 

#t*£&£Lfc;fr& : E 

ATCCCTACTT GGAACCTCGC CCGGCGGCAG TCCGATGACG CGATGCTTCG TTCGTTGCTC 60 

AGAGGCCTCA CGCATTTCCC CCGCGTGAAC TCCGCGCAGC AGCCCAGCTG TGCACACGCG 120 

CGACTCCAGT TTAGGCCCAG AAGC ATG CAG CTG CTT GCC GAG GAC CGC ACA GAC 179 

Met Gin Leu Leu Ala Glu Asp Arg Thr Asp 
5 10 
CAT ATG AGG GGT GCA ACT ACC TGG GCA GGC GGG CAG TCG CAG GAT GAG 222 
His Met Arg Gly Ala Ser Thr Trp Ala Gly Gly Gin Ser Gin Asp Glu 

15 20 25 

CTG ATG CTG AAG GAC GAG TGC ATC TTG GTG GAT GCT GAC GAC AAC ATT 270 
Leu Met Leu Lys Asp Glu Cys lie Leu Val Asp Ala Asp Asp Asn lie 

30 35 40 

ACA GGC CAT GTC AGC AAG CTG GAG TGC CAC AAG TTC CTA CCA CAT CAG 318 
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Thr Cly His Val Ser Lys Leu Glu Cys His Lys Phe Leu Pro His Gin 

45 50 55 

CCT GCA GGC CTG CTG CAC CGG GCC TTC TCT GTA TTC CTC TTT GAC GAC 366 
Pro Ala Gly Leu Leu His Arg Ala Phe Ser Val Phe Leu Phe Asp Asp 

60 65 70 

CAG GGG CGA CTG CTG CTG CAA CAG CGT GCA CGA TCA AAA ATC ACA TTC 414 
Gin Gly Arg Leu Leu Leu Gin Gin Arg Ala Arg Ser Lys lie Thr Phe 
75 80 85 90 

CCC ACT GTG TGG ACC AAC ACC TGC TGC AGC CAC CCT CTA CAT GGG CAG 462 
Pro Ser Val Trp Thr Asn Thr Cys Cys Ser His Pro Leu His Gly Gin 

95 100 105 

ACC CCA GAT GAG GTG GAC CAA CTA AGC CAG GTG GCC GAC GGC ACA GTA 510 
Thr Pro Asp Glu Val Asp Gin Leu Ser Gin Val Ala Asp Gly Thr Val 

110 115 120 

CCT GGC GCA AAG GCT GCT GCC ATC CGC AAG TTG GAG CAC GAG CTG GGG 558 
Pro Gly Ala Lys Ala Ala Ala lie Arg Lys Leu Glu His Glu Leu Gly 

125 130 135 

ATA CCA GCG CAC CAG CTG CCG GCC AGC GCG TTT CGC TTC CTC ACG CGT 606 
lie Pro Ala His Gin Leu Pro Ala Ser Ala Phe Arg Phe Leu Thr Arg 

140 145 150 

TTG CAC TAC TGC GCC GCG GAC GTG CAG CCG GCT GCG ACA CAA TCA GCA 654 
Leu His Tyr Cys Ala Ala Asp Val Gin Pro Ala Ala Thr Gin Ser Ala 
155 160 165 170 

CTC TGG GGC GAG CAC GAA ATG GAC TAC ATC TTA TTC ATC CGG GCC AAC 702 
Leu Trp Gly Glu His Glu Met Asp Tyr lie Leu Phe lie Arg Ala Asn 

175 180 185 

GTC ACC CTT GCG CCC AAC CCT GAC GAG GTG GAC GAA GTC AGG TAC GTG 750 
Val Thr Leu Ala Pro Asn Pro Asp Glu Val Asp Glu Val Arg Tyr Val 
190 195 200 
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ACC CAG GAG GAG CTG CGG CAG ATG ATG CAG CCG GAC AAT GGG TTG CAA 798 
Thr Gin Glu Glu Leu Arg Gin Met Met Gin Pro Asp Asn Gly Leu Gin 

205 210 215 

TGG TCG CCG TGG TTT CGC ATC ATC GCC GCG CGC TTC CTT GAG CGC TGG 846 
Trp Ser Pro Trp Phe Arg lie lie Ala Ala Arg Phe Leu Glu Arg Trp 

220 225 230 

TGG GCT GAC CTA GAC GCG GCC CTG AAC ACT GAC AAA CAC GAG GAT TGG 894 
Trp Ala Asp Leu Asp Ala Ala Leu Asn Thr Asp Lys His Glu Asp Trp 
235 240 245 250 

GGA ACG GTG CAT CAC ATC AAC GAA GCG TGA AAACAG AAGCTGTAGG 940 
Gly Thr Val His His lie Asn Glu Ala *** 
255 

ATGTCAAGAC ACGTCATGAG GGGGCTTGGC ATCTTGGCGG CTTCGTATCT CTTTTTACTG 1000 

AGACTGAACC TGCAGCTGGA GACAATGGTG AGCCCAATTC AACTTTCCGC TGCACTGGAA 1060 

AAAAAAAAAA AAAA 1074 

E?iJ#-t : 6 
E?i]£>£$ : 1058 

mv>& : 

Be?i]©II® : genome DNA 

: Saccahromyces cerevisiae 
: S288C 

GWt.*&-jrim : CDS 
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: 187 . . 1050 

#&£&£L£:;£& : S 

TCGATGGCGC TTGCCTTTCT TTTTCGGTCT TAACTCCATT TATATTTATT TATTCATTTT 60 

TATCTATTTA ACAGGAAACA GTTTTCTAGT GACAAGAAGG CGTATATCCC ACTTAATTCA 120 

ATATTAGAGT ATTCGTATTT GGAATACAGG AAGAGTAAAA ATAAGCCAAA AATTCATTAC 180 

ACCTCA ATG ACT GCC GAC AAC AAT ACT ATG CCC CAT GGT GCA GTA TCT ACT 231 
Met Thr Ala Asp Asn Asn Ser Met Pro His Gly Ala Val Ser Ser 
5 10 15 

TAC GCC AAA TTA GTG CAA AAC CAA ACA CCT GAA GAC ATT TTG GAA GAG 279 
Tyr Ala Lys Leu Val Gin Asn Gin Thr Pro Glu Asp lie Leu Glu Glu 

20 25 30 

TTT CCT GAA ATT ATT CCA TTA CAA CAA AGA CCT AAT ACC CGA TCT AGT 327 
Phe Pro Glu lie He Pro Leu Gin Gin Arg Pro Asn Thr Arg Ser Ser 

35 40 45 

GAG ACG TCA AAT GAC GAA AGC GGA GAA ACA TGT TTT TCT GGT CAT GAT 375 
Glu Thr Ser Asn Asp Glu Ser Gly Glu Thr Cys Phe Ser Gly His Asp 

50 55 60 

GAG GAG CAA ATT AAG TTA ATG AAT GAA AAT TGT ATT GTT TTG GAT TGG 423 
Glu Glu Gin He Lys Leu Met Asn Glu Asn Cys He Val Leu Asp Trp 

65 70 75 

GAC GAT AAT GCT ATT GGT GCC GGT ACC AAG AAA GTT TGT CAT TTA ATG 471 
Asp Asp Asn Ala lie Gly Ala Gly Thr Lys Lys Val Cys His Leu Met 
80 85 90 95 

GAA AAT ATT GAA AAG GGT TTA CTA CAT CGT GCA. TTC TCC GTC TTT ATT 519 
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Clu Asn lie Glu Lys Cly Leu Leu His Arg Ala Phe Ser Val Phe lie 

100 105 110 
TTC AAT GAA CAA CCT CAA TTA CTT TTA CAA CAA AGA GCC ACT GAA AAA 567 

Phe Asn Glu Gin Gly Glu Leu Leu Leu Gin Gin Arg Ala Thr Glu Lys 

115 120 125 

ATA ACT TTC CCT GAT CTT TGG ACT AAC AC A TGC TGC TCT CAT CCA CTA 615 

He Thr Phe Pro Asp Leu Trp Thr Asn Thr Cys Cys Ser His Pro Leu 

130 135 140 

TGT ATT GAT GAC GAA TTA GGT TTG AAG GGT AAG CTA GAC GAT AAG ATT 663 

Cys He Asp Asp Glu Leu Gly Leu Lys Gly Lys Leu Asp Asp Lys He 

145 150 155 

AAG GGC GCT ATT ACT GCG GCG GTG AGA AAA CTA GAT CAT GAA TTA GGT 711 

Lys Gly Ala He Thr Ala Ala Val Arg Lys Leu Asp His Glu Leu Gly 
160 165 170 175 

AH CCA GAA GAT GAA ACT AAG ACA AGG GGT AAG TTT CAC TTT TTA AAC 759 

He Pro Glu Asp Glu Thr Lys Thr Arg Gly Lys Phe His Phe Leu Asn 

180 185 190 

AGA ATC CAT TAC ATG GCA CCA AGC AAT GAA CCA TGG GGT GAA CAT GAA 807 

Arg He His Tyr Met Ala Pro Ser Asn Glu Pro Trp Gly Glu His Glu 

195 200 205 

ATT GAT TAC ATC CTA TTT TAT AAG ATC AAC GCT AAA GAA AAC TTG ACT 855 

He Asp Tyr lie Leu Phe Tyr Lys -He Asn Ala Lys Glu Asn Leu Thr 

210 215 220 

GTC AAC CCA AAC GTC AAT GAA GTT AGA GAC TTC AAA TGG GTT TCA CCA 903 

Val Asn Pro Asn Val Asn Glu Val Arg Asp Phe Lys Trp Val Ser Pro 

225 230 235 

AAT GAT TTG AAA ACT ATG TTT GCT GAC CCA ACT TAC AAG TTT ACG CCT 951 

Asn Asp Leu Lys Thr Met Phe Ala Asp Pro Ser Tyr Lys Phe Thr Pro 
240 245 250 255 
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TGG TTT AAC ATT ATT TGC CAC AAT TAC TTA TTC AAC TGG TCC GAG CAA 999 
Trp Phe Lys lie He Cys Glu Asn Tyr Leu Phe Asn Trp Trp Glu Gin 

260 265 270 

TTA GAT GAC CTT TCT GAA GTG GAA AAT GAC AGG CAA ATT CAT AGA ATG 1047 
Leu Asp Asp Leu Ser Glu Val Glu Asn Asp Arg Gin He His Arg Met 

275 280 285 

CTA TAA CAACG 1058 
Leu tt* 
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Am 



A 

1 9 18 27 36 45- 54 

*ATG TCC ATG CCC AAC ATT GTT CCC CCC GCC GAG GTC CGA ACC GAA GGA CTC AGT 
Met Ser Met Pro Asn He Val Pro Pro Ala Glu Val Arg Thr Glu Gly Leu Ser 

18 

63 72 81 90 99 108 

TTA GAA GAG TAC GAT GAG GAG CAG GTC AGG CTG ATG GAG GAG CGA TGT ATT CTT 
Leu Glu Glu Tyr Asp Glu Glu Gin Val Arg Leu Met Glu Glu Arg Cys He Leu 

36 

117 126 135 144 1S3 162 

GTT AAC CCG GAC GAT GTG GCC TAT GGA GAG GCT TCG AAA AAG ACC TGC CAC TTG 
Val Asn Pro Asp Asp Val Ala Tyr Gly Glu Ala Ser Lys Lys Thr Cys His Leu 

54 

171 180 189 198 207 216 

ATG TCC AAC ATC AAC GCG CCC AAG GAC CTC CTC CAC CGA GCA TTC TCC GTG TTT 
Met Ser Asn He Asn Ala Pro Lys Aap Leu Leu Hla Arg Ala Phe Ser Val Phe 

72 

225 234 243 252 261 270 

CTC TTC CGC CCA TCG GAC GGA GCA CTC CTG CTT CAG CGA AGA GCG GAC GAG AAG 
Leu Phe Arg Pro Ser Aap Gly Ala Leu Leu Leu Gin Arg Arg Ala Asp Glu Lys 

90 

279 288 297 306 315 324 

ATT ACG TTC CCT GGA ATG TGG ACC AAC ACG TGT TGC AGT CAT CCT TTG AGC ATC 
lie Thr Phe Pro Gly Met Trp Thr Asn Thr Cys Cys Ser His Pro Leu Ser He 

108 

333 342 351 360 369 378 

AAG GGC GAG GTT GAA GAG GAG AAC CAG ATC GGT GTT CGA CGA GCT GCG TCC CGA 
Lys Gly Glu Val Glu Glu Glu Asn Gin He Gly Val Arg Arg Ala Ala Ser Arg 

126 

387 396 405 414 423 432 

AAG TTG GAG CAC GAG CTT GGC GTG CCT ACA TCG TCG ACT CCG CCC GAC TCG TTC 
Lys Leu Glu His Glu Leu Gly Val Pro Thr Ser Ser Thr Pro Pro Asp Ser Phe 

144 

441 450 459 466 477 486 

ACC TAC CTC ACT AGG ATA CAT TAC CTC CCT CCG AGT GAC GGA CTC TGG GGA GAA 
Thr Tyr Leu Thr Arg He His Tyr Leu Ala Pro Ser Asp Gly Leu Trp Gly Glu 

162 

495 504 513 522 531 540 

CAC GAG ATC GAC TAC ATT CTC TTC TCA ACC ACA CCT ACA GAA CAC ACT GGA AAC 
His Glu He Asp Tyr He Leu Phe Ser Thr Thr Pro Thr Glu His Thr Gly Asn 

180 

549 SS8 567 576 565 594 

CCT AAC GAA GTC TCT GAC ACT CGA TAT GTC ACC AAG CCC GAG CTC CAG GCG ATG 
Pro Asn Glu Val Ser Asp Thr Arg Tyr Val Thr Lys Pro Glu Leu Gin Ala Met 

198 
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603 




612 


621 


TTT 


GAG 


GAC GAG 


TCT 


AAC 


TCA TTT ACC 


Phe 


Glu 


Asp Glu 


Ser 


Asn 


Ser Phe Thr 






657 




666 


675 


TTC 


CTG 


TTT GGC 


TGG 


TGG 


GAT CAA CTT 


Phe 


Leu 


Phe Gly 


Trp 


Trp 


Asp Gin Leu 






711 




720 


729 


GTC 


GAT 


GCC AAA 


TCG 


TTG 


GAG GAT CTC 


Val Asp 


Ala Lys 


Ser 


Leu 


Glu Asp Leu 



630 



684 



730 



639 



693 



747 



648 

GCC CGA GAC 
Ala Arg Asp 
216 
702 

AAG GGT GAG 
Lys Gly Glu 
234 
756 

AAG ATG TAG 
Lys Metl*** 
2Sl| 

B 
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mm 



I 9 16 27 36 «5 

\tg cag ctc ctt gcc gag gac cgc aca gac cat atg agg ggt gca act 

Met Gin Leu Leu Ala Glu Aap Arg Thr Aap Hia Met Arg Gly Ale Ser 

63 72 81 90 99 

GCA GGC GGG CAG TCG CAG GAT GAG CTG ATG CTG AAG GAC GAG TGC ATC 
Ala Gly Gly Gin Ser Gin Aap Glu Leu Met Leu Lya Aap Glu Cya He 

117 126 135 144 153 

GAT GCT GAC GAC AAC ATT ACA GGC CAT GTC AGC AAG CTG GAG TGC CAC 
Aap Ala Aap Aap Aan He Thr Gly Hia Val Ser Lya Leu Glu Cya Hla 

171 180 189 198 207 

CTA CCA CAT CAG CCT GCA GGC CTG CTG CAC CGG GCC TTC TCT GTA TTC 
Leu Pro Hia Gin Pro Ala Gly Leu Leu Hia Arg Ala Phe Ser Val Phe 

225 234 243 252 261 

GAC GAC CAG GGG CGA CTG CTG CTG CAA CAG CGT GCA CGA TCA AAA ATC 
Aap Aap Gin Gly Arg Leu Leu Leu Gin Gin Arg Ala Arg Ser Lya He 

279 288 297 306 315 

CCC ACT GTG TGG ACC AAC ACC TGC TGC AGC CAC CCT CTA CAT GGG CAG 
Pro Ser Val Trp Thr Aan Thr Cya Cya Ser Hia Pro Leu Hia Gly Gin 

333 342 351 360 369 

GAT GAG GTG GAC CAA CTA AGC CAG GTG GCC GAC GGC ACA GTA CCT GGC 
Aap Glu val Aap Gin Leu Ser Gin Val Ala Aap Gly Thr Val Pro Gly 

387 396 405 414 423 

GCT GCT GCC ATC CGC AAG TTG GAG CAC GAG CTG GGG ATA CCA GCG CAC 
Ala Ala Ala He Arg Lya Leu Glu Hia Glu Leu Gly He Pro Ala Hia 

441 450 459 468 477 

CCG GCC AGC GCG TTT CGC TTC CTC ACG CGT TTG CAC TAC TGC GCC GCG 
Pro Ala Ser Ala Phe Arg Phe Leu Thr Arg Leu Hia Tyr Cya Ala Ala 

495 504 S13 522 531 

CAG CCG GCT GCG ACA CAA TCA GCA CTC TGG GGC GAG CAC GAA ATG GAC 
Gin Pro Ala Ala Thr Gin Ser Ala Leu Trp Gly Glu Hia Glu Met Aap 

549 558 567 576 585 

XT A TTC ATC CGG GCC AAC GTC ACC CTT GCG CCC AAC CCT GAC GAG GTG 
Leu Phe He Arg Ala Aan Val Thr Leu Ala Pro Aan Pro Aap Glu Val 



54 

ACC TGG 
Thr Trp 
18 
108 
TTG GTG 
Leu Val 
36 
162 
AAG TTC 
Lya Phe 
54 
216 
CTG TTT 
Leu Phe 
72 
270 
ACA TTC 
Thr Phe 
90 
324 
ACC CCA 
Thr Pro 
108 
378 
GCA AAG 
Ala Lya 
12 6 
432 
CAG CTG 
Gin Leu 
144 
486 
GAC GTG 
Aap Val 
162 
540 
TAC ATC 
Tyr He 
180 
594 
GAC GAA 
Aap Glu 
198 
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GTC AGG TAC GTG ACG CAG GAG GAG CTG CGG CAG ATG ATG CAG 
Val Arg Tyr Val Thr Gin Glu Glu Leu Arg Gin Met Ket Gin 

657 666 675 664 

TTG CAA TGG TCG CCG TGG TTT CGC ATC ATC GCC GCG CGC TTC 
Leu Gin Trp Sec Pro Trp Phe Arg He He Ala Ala Arg Phe 

711 720 729 738 

TGG GCT GAC CTA GAC GCG GCC CTG AAC ACT GAC AAA CAC GAG 
Trp Ala Aap Leu Aap Ala Ala Leu Asn Thr Aap Lya Hia Glu 

765 774 780 

GTG CAT CAC ATC AAC GAA GCG TGA 
Val His Hia He Aan Glu Alaj 



639 

CCG GAC 
Pro Aap 

693 

CTT GAG 
Leu Glu 

747 

GAT TGG 
Aap Trp 



648 
AAT GGG 
Asn Gly 
216 
702 
CGC TGG 
Arg Trp 
234 
756 
GGA ACG 
Gly Thr 
252 
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E 

1 9 18 27 36 45 54 

\rC ACT GCC GAC AAC AAT ACT ATG CCC CAT GGT GCA GTA TCT ACT TAC GCC AAA 
Met Thr Ala Asp Asn Asn Ser Hoc Pro His Gly Ala Val Ser Ser Tyr Ala Lys 

18 

63 72 61 90 99 106 

TTA GTG CAA AAC CAA ACA CCT GAA GAC ATT TTG GAA GAG TTT CCT GAA ATT ATT 
Leu Val Gin Asa Gin The Pro Glu Asp lie Leu Glu Glu Phe Pro Glu lie lie 

36 

117 126 135 144 153 162 

CCA TTA CAA CAA AGA CCT AAT ACC CGA TCT AGT GAG ACG TCA AAT GAC GAA AGC 
Pro Leu Gin Gin Axg Pro Asn Thr Arg Ser Ser Glu Thr Ser Asn Asp Glu Ser 

54 

171 180 189 198 207 216 

GGA GAA ACA TGT TTT TCT GGT CAT GAT GAG GAG CAA ATT AAG TTA ATG AAT GAA 
Gly Glu Thr Cys Phe Ser Gly His Asp Glu Glu Gin lie Lys Leu Met Asn Glu 

72 

225 234 243 252 261 270 

AAT TGT ATT GTT TTG GAT TGG GAC GAT AAT GCT ATT GGT GCC GGT ACC AAG AAA 
Asn Cys lie Val Leu Asp Trp Asp Asp Asn Ala lie Gly Ala Gly Thr Lys Lys 

90 

279 286 297 306 315 324 

GTT TGT CAT TTA ATG GAA AAT ATT GAA AAG GGT TTA CTA CAT CGT GCA TTC TCC 
Val Cys His Leu Met Glu Asn He Glu Lys Gly Leu Leu His Arg Ala Phe Ser 

108 

333 342 351 360 369 378 

GTC TTT ATT TTC AAT GAA CAA GGT GAA TTA CTT TTA CAA CAA AGA GCC ACT GAA 
Val Phe He Phe Asn Glu Gin Gly Glu Leu Leu Leu Gin Gin Arg Ala Thr Glu 

126 

387 396 405 414 423 432 

AAA ATA ACT TTC CCT GAT CTT TGG ACT AAC ACA TGC TGC TCT CAT CCA CTA TGT 
Lys He Thr Phe Pro Asp Leu Trp Thr Asn Thr Cys Cys Ser His Pro Leu Cys 

144 

441 450 459 468 477 486 

ATT GAT GAC GAA TTA GGT TTG AAG GGT AAG CTA GAC GAT AAG ATT AAG GGC GCT 
He Asp Asp Glu Leu Gly Leu Lys Gly Lys Leu Asp Asp Lys He Lys Gly Ala 

162 

495 504 513 522 531 540 

ATT ACT GCG GCG GTG AGA AAA CTA GAT CAT GAA TTA GGT ATT CCA GAA GAT GAA 
He Thr Ala Ala Val Arg Lys Leu Asp His Glu Leu Gly He Pro Glu Asp Glu 

180 
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